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Sediment Degradation Experiments for a Low Gradient Stream Suggest the
Watershed’s Connectivity Regime Exhibits Control on Stream
Biogeochemistry
Brenden Riddle1, Jimmy Fox1, Y.T. Wang1, Bill Ford1, Tyler Mahoney2, Jason Backus3, Erik Pollock4
1
Department of Civil Engineering, University of Kentucky
2
University of Louisville
3
Kentucky Geological Survey
4
University of Arkansas
1
brenden.riddle@uky.edu

Knowledge is lacking for sediment organic matter degradation and its influence on water quality
for low gradient agriculturally impacted streams despite their importance for freshwater
biogeochemical cycles and ecological restoration. We hypothesized degradation rates vary
across sediment type and are a function of the connectivity regimes for low gradient systems.
We carried out aerobic incubation experiments to assess oxidation and mineralizationnitrification rates and changes in stable isotopic ratios for sediment and dissolved organic matter
and nitrate. Sediment originated from erosion across the watershed’s surface shows higher
carbon oxidation rates (k = 3.9x10-3 d-1) and lower nitrogen mineralization-nitrification rates (k =
7.9x10-4 d-1) compared to sediment originated from the creek’s streambed that integrates algae
and other autotrophic matter (k = 1.6x10-3 d-1 and k = 3.4x10-3 d-1). Differences are attributed to
sediment transport of humified and plant matter during storms of high watershed connectivity
and sediment transport of autochthonous sediment for low connectivity. Results support our
hypothesis and suggest that the sediment connectivity regime of the watershed exhibits control
on biogeochemical cycling of the stream network. Cumulatively, sediment degradation rates
were one to two orders magnitude higher than previously assumed. Sediment rates reflect
aerobic waters and place the organic matter as active and comparable to reported turnover of
algae and fine sized leaf litter. Stable isotopic ratios of sediment change marginally for the two
sediment types for carbon (ε = 0.4‰ and 1.3‰) and nitrogen (ε = 3.5‰ and 1.5‰). Dissolved
organic nitrogen of stream water degraded similarly across all experiments (k = 1.8x10-2 d-1), and
turnover rates were an order of magnitude higher than recent rates reported for lake water.
Nitrate concentration in the solute increased by an average 35% during experiments and the
nitrogen stable isotopic ratio of nitrate decreased by over 1‰ showing the potential of sediment
and dissolved organic matter degradation to influence nitrate flux and its isotopic signal.
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Does Sediment Organic Matter Content Mediate the Effects of Chironomid
Larvae on Benthic Nitrous Oxide Flux
A.S. Mehring1, J.A. Swartz1, M.C. Tierney1, J.H. Loughrin2, S.W. Antle2
1
Department of Biology, University of Louisville
2
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1
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In laboratory studies, larval flies in the family Chironomidae (hereafter, “chironomids”) have
been shown to enhance nitrous oxide (N2O) fluxes in wetland sediments, due to (1) brief passage
of nitrate, denitrifying microbes, and organic particles through anoxic larval guts, and (2) the
generation of alternating oxidizing and reducing conditions by chironomid ventilation of their
burrows. However, this process has only been studied under a limited set of conditions in the
laboratory, usually with low sediment organic matter (OM) content. We conducted a
manipulative experiment investigating the enhancement of wetland greenhouse gas (GHG)
emissions by aquatic insect larvae under varying levels of OM content. We hypothesized that
chironomids might not enhance N2O flux when sediment OM content is high. This may occur if
enhanced microbial respiration and resulting anoxia in OM-rich sediments drive denitrification
to completion, thereby producing more nitrogen gas (N2) and less N2O. In temperature-controlled
laboratory mesocosms, three treatment levels (low, medium, high) of larval chironomid
(Chironomus riparius) density and sediment OM content were crossed in a fully factorial design,
with four replicates per treatment combination. A custom-built sediment core incubator
maintained constant water temperature (20°C) and gentle turbulence in each mesocosm. During
~6-hour incubations, gases from the water overlying sediments in each mesocosm were collected
every ~1.5 hours in sealed vials. Concentrations of the GHGs N2O, carbon dioxide, and methane
were subsequently analyzed, and changes in gas concentration were converted to rates of gas
flux per unit area of wetland sediment. Following incubations, sediments were sieved to check
for chironomid mortality. We are now comparing GHG flux data from the manipulative study to
a set of unmodified sediment cores from multiple wetlands in Jefferson County, Kentucky, to see
if similar patterns observed in the laboratory can also be detected in the field. We may
additionally expand this study to compare the effects of chironomids to other wetland
invertebrates (e.g. oligochaete worms, burrowing mayfly larvae), and the different mechanisms
by which these invertebrates alter sediment greenhouse gas fluxes will be discussed. Results
from this experiment will improve our understanding of the controls on denitrification and
nitrogen processing in aquatic ecosystems under a wider range of sediment OM content than
those included in previously published manipulative experiments.
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Drivers of Variability in Annual Sediment Accretion Rates Within
Wetland Easements of Western Kentucky*
Jessica B. Moon1, Marissa Miles1, Karen Baumann1, and Michael Flinn2
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1
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Kentucky’s Wetlands Reserve Program supports the restoration of historical wetlands that have
the capacity to be returned to their natural hydrologic regimes and provide services such as the
retention of sediment and carbon. The objectives of our study are (1) to determine the baseline
annual sediment accretion rates within newly established easements (n = 4), and remnant
wetlands both adjacent to newly established easements (n = 4), and at sites (n = 2) within a
protected Wildlife Management Area of western Kentucky; and (2) to determine the drivers of
variation within and among these systems for these annual rates. Hydrologic and sediment
accretion data were collected from the Fall of 2019 to the Fall of 2021, with sediment pads
arranged in a spatially explicit sampling design. Hydropatterns were highly variable across the
easements, with flashier daily regimes in remnant areas adjacent to newly established areas.
Beaver activity was found in different stages of progression across easements and was linked to
wetter summer hydrographs than expected for bottomland hardwood forests. There was a high
level of variation in annual sediment accretion rates (~ 0 to 8 cm) that couldn’t be explained by
wetland type (i.e., newly established vs. remnant). However, initial results suggest plot level
variation can be explained, in part, by hydrologic wetness. The newly released Lidar digital
elevation model data (2021) and point cloud data (release date TBA) for western Kentucky will
be used to further assess relationships between sedimentation rates and wetness and vegetative
complexity within each of the study systems.

*This presentation is based upon work supported by the U.S. Geological Survey under Grant/Cooperative
Agreement No. G21AP10631-00, WRRI 104B Annual Grant Program.
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